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Chapter 20 
Diphenylchloronitroethane Insecticides 
Joel R. Coats, Laura L. Karr, Rebecca L. Fryer, and Hunter S. Beard 
Department of Entomology, Iowa State University, Ames, IA 50011 
Insecticidal activity of chloronitroalkanes was pre-
dicted on the basis of structure-activity relation-
ships. Two series of new bis(substituted-phenyl) 
chloronitroalkanes were synthesized and evaluated for 
insecticidal activity. The synthetic pathway proceeded 
through phenylnitroethanols and diphenylnitroethanes 
as intermediates. Final products were 1,1-bis 
(substituted-phenyl)-2-chloro-2-nitroethanes and 
1,1-bis(substituted-phenyl)-2,2-dichloro-2-nitroethanes. 
Aromatic substituents were selected from alkyl, alkoxy, 
and halogen moieties. Following purifications and 
confirmation of structures, the compounds were 
bioassayed against insects. The two series were 
compared for potency, as were various combinations of 
X and Y substituents. Adult female house flies (Musca 
domestica), mosquito larvae (Aedes aegypti), western 
corn rootworm (Diabrotica virgifera virgifera) and 
German cockroach (Blattella germanica) have been tested. 
In general, the mono-chloro series is more toxic than 
the di-chloro series. Five of the mono-chloro analogs 
are 8-10 times more potent than pyrethrins and 6-7 times 
more toxic than methoxychlor to the house fly. 
I n s e c t i c i d e s of the "DDT-type" have potent e x c i t a t o r y a c t i v i t y i n 
the p e r i p h e r a l nervous system of i n s e c t s (Narahashi, 1979). For 
DDT, X = Y = Ri = R-2 = R3 = CI i n the s t r u c t u r e below. 
R l — C — R 3 
*2 
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218 SYNTHESIS AND CHEMISTRY OF AGROCHEMICALS 
Many analogs have been made since the i n i t i a l d i s c l o s u r e of 
i n s e c t i c i d a l a c t i v i t y ( M i l l i e r , 1940). Major s y n t h e t i c e f f o r t s have 
been made over the years (reviewed by Coats, 1982) and s e v e r a l 
commercially s u c c e s s f u l compounds were discovered, e.g., methoxy-
c h l o r , perthane, rhothane, d i c o f o l . The n i t r o a l k a n e s p r o l a n (or 
1,l-bis-bis(£,£f-dichlorophenyl)-2-nitropropane), bulan and d i l a n 
were among the commercial products. 
S t r u c t u r e - a c t i v i t y s t u d i e s have i n d i c a t e d that X and Y groups 
of proper s i z e and shape w i t h appropriate combinations of , R2> 
and R3 groups act as good i n s e c t i c i d e s . However, s t e r i c f a c t o r s 
alone may not account f o r optimal potency. N e u r o t o x i c o l o g i c a l 
s t u d i e s on i n s e c t nerve i n d i c a t e that i n c r e a s i n g e l e c t r o n e g a t i v i t y 
i n the a l i p h a t i c moiety may enhance i n s e c t i c i d a l a c t i v i t y (Brown et 
a l . , 1981). N i t r o a l k a n e analogs possess e x c e l l e n t a c t i v i t y as do 
c h l o r o , d i c h l o r o , and t r i c h l o r o alkanes, while pure alkanes are only 
moderately good compounds. T r i f l u o r o , p e n t a f l u o r o , or 
c h l o r o d i f l u o r o alkanes are r a t h e r poor i n s e c t i c i d e s , apparently too 
e l e c t r o n e g a t i v e of an a l i p h a t i c moiety or too p o l a r to penetrate the 
i n s e c t c u t i c l e w e l l (Abu-El-Haj et a l . , 1979). Combinations of 
n i t r o and halogen groups R^, R2, and R3 have been attempted by Hass 
et a l . (1951) and by S k e r r e t t and Woodcock (1952). The l a t t e r group 
made 3 £,£f-dichlorophenyl haloalkanes w i t h d i s a p p o i n t i n g r e s u l t s : 
the 2-chloro-2-nitroethane and 2,2-dichloro-2-nitroethane were not 
i n s e c t i c i d a l , but the 2-chloro-2-nitropropane was as e f f e c t i v e as 
the 2-nitropropane. D e a c t i v a t i o n v i a d e h y d r o c h l o r i n a t i o n of the 
a l i p h a t i c moiety occurs more r a p i d l y when the X and Y aromatic 
s u b s t i t u e n t s are e" withdrawing but occurs much more slowly w i t h e" 
donating aromatic groups (Metcalf and Fukuto, 1968). E l e c t r o n 
donating s u b s t i t u e n t s (at l e a s t one) on the r i n g s a l s o provide f o r 
greater i n s e c t i c i d a l potency (Holan, 1969; Metcalf et a l . , 1971; 
Coats et a l . , 1977). Hence, the only 2-chloro-2-nitroethane 
synthesized by S k e r r e t t and Woodcock lacked i n s e c t i c i d a l a c t i v i t y , 
probably due to poor s t a b i l i t y and low i n t r i n s i c t o x i c i t y , both 
r e s u l t i n g from the £,£f-dichloro s u b s t i t u e n t s . Hass et a l . (1951) 
a l s o made some 2-chloro-2-nitroethanes w i t h chlorophenyl-, t o l y l - , 
or u n s u b s t i t u t e d phenyl r i n g s , but they gave no data on i n s e c t i c i d a l 
a c t i v i t y . 
Other sy n t h e s i s and s t r u c t u r e - a c t i v i t y progress w i t h d i p h e n y l -
n i t r o a l k a n e i n s e c t i c i d e s i n c l u d e work by Jacob et a l . , 1951; Holan 
1971a; 1971b; Boehner et a l . , 1974; Kaufman and Strong, 1975; Lee et 
a l . , 1977; and Coats, 1983. 
Synthesis Pathway 
A 3-step r e a c t i o n pathway was f o l l o w e d , using r e a c t i o n s p r e v i o u s l y 
described. Reactions I and I I are described by Lee, et a l . , 1977. 
Reaction I I I was adapted from T i n d a l l (1943; 1946). 
Reaction I 
H-C-NO2 
H 
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Reaction II 
H _____ 0°C _____ 
X^U>Ç-OH + (δ)γ * X(0)Ç<0)Y 
N — F H2SO4/HOAC N — f ι N — ' 
H-c-N0 2 H-c-N0 2 
H H 
Reaction I I I 
H-C-NO2 H-C-NO9 
I I 
H C l 
Series 1 
In Reaction I, a large excess of nitromethane was added to 
maximize e f f i c i e n t use of the benzaldehyde and minimize clean up of 
the crude r e a c t i o n mixture (an aqueous NaHS03 wash helped remove any 
unreacted benzaldehyde). 
The base used by Lee et a l . (1977) and Coats (1983) was 
1,5-diazabicyclo-[4.3.0] non-5-ene (DBN); numerous other bases have 
also been u t i l i z e d , e.g., sodium methoxide, sodium bicarbonate, 
t r i e t h y l a m i n e , KOH, p y r i d i n e (Worrall, 1934; Hass et a l . , 1951; 
Kamlet, 1939). The c a r b i n o l intermediates were not p u r i f i e d p r i o r 
to use i n the condensation r e a c t i o n . The a c i d used was a mixture of 
cone, s u l f u r i c and g l a c i a l a c e t i c acids ( r a t i o s ranged from 4:1 to 
1:3). 
In Reaction I I , the crude c a r b i n o l was mixed with a 3-6 f o l d 
excess of the s u b s t i t u t e d benzene and dripped i n t o c o l d a c i d 
mixture, with s t i r r i n g . A 4:1 r a t i o of s u l f u r i c (cone.) and a c e t i c 
( g l a c i a l ) acids was determined to be optimal f o r most condensations 
attempted. The r e a c t i o n was allowed to warm to room temperature 
a f t e r 1 h, and i t was then poured over i c e . Following e x t r a c t i o n 
with d i e t h y l ether, washing with NaHC03, drying with anhydrous 
Na2S04, f i l t r a t i o n , and ro t a r y evaporation, the product was p u r i f i e d 
and c h a r a c t e r i z e d before f u r t h e r use. 
Reaction I I I was i n i t i a t e d by d i s s o l v i n g the diphenyl-
nitroethane i n methanol and adding i t to an aqueous s o l u t i o n of 
KOH. Chlorine gas was introduced at 4°C ( T i n d a l l , 1943; 1946), 
and was added u n t i l the pH of the r e a c t i o n f e l l to 5-6. Mixtures of 
mono- and d i - c h l o r o nitroethanes were formed, often r e q u i r i n g 
separation by s i l i c a g e l column chromatography. 
P u r i f i c a t i o n 
Every n i t r o c a r b i n o l , nitroethane, chloronitroethane and d i c h l o r o -
nitroethane synthesized was worked up to eliminate the solvent and 
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220 SYNTHESIS AND CHEMISTRY OF AGROCHEMICALS 
as much of the unreacted m a t e r i a l s as p o s s i b l e . D i e t h y l ether/water 
e x t r a c t i o n s were u t i l i z e d , w i t h a NaHSU3 wash of the c a r b i n o l to 
remove excess benzaldehyde, or a NaHC03 wash of the d i p h e n y l -
nitroethane to remove excess a c e t i c a c i d . Anhydrous Na2SÛ4 was used 
to dry the ether e x t r a c t . Column chromatography w i t h s i l i c a g e l and 
hexane/diethyl ether or hexane/benzene solvent systems were used to 
o b t a i n pure samples of the i n s e c t i c i d e s i n Series 1 and Series 2. 
C h a r a c t e r i z a t i o n 
Three techniques were used to determine the s t r u c t u r e of each 
chemical made. For each new analog, an H^ NMR (nuclear magnetic 
resonance) a n a l y s i s of a 25 mg sample was run on a N i c o l e t 300 MHz 
NMR spectrometer. The sample was d i s s o l v e d i n CDCI3 w i t h 
t e t r a m e t h y l s i l a n e (TMS) as a reference. 
*H-NMR info r m a t i o n i s provided here f o r the a l i p h a t i c protons 
on the c e n t r a l nitroethane s k e l e t o n , f o r l-£-ethylphenyl-l-£-
ethoxyphenyl-2-nitroethane, i t s monochloro d e r i v a t i v e (compound l e ) 
and i t s d i c h l o r o d e r i v a t i v e (compound 2e) as t y p i c a l of the 
compounds synthesized. Ethylphenyl ethoxyphenyl-2-nitroethane: a-H 
at δ 4.7-4.9 ( t r i p l e t ) , S-Hfs at δ 4.9-5.0 (doubl e t ) ; l e : α-Η at δ 
4.6-4.8 (2 d o u b l e t s ) ; β-Η at δ 6.4 ( d o u b l e t ) ; 2e: a-H at δ 4.8 
( s i n g l e t ) . 
Two uncorrected melting p o i n t s observed were f o r 
l , l - b i s ( p - e t h o x y p h e n y l ) - 2 , 2 - d i c h l o r o - 2 - n i t r o e t h a n e at 75-77°C and 
f o r 1-(p-methylphenyl)-1-(p-ethoxyphenyl)-2,2-dichloro-2-nitroethane 
at 51-54°C. 
A f t e r a chemical s t r u c t u r e had been confirmed, TLC ( t h i n l a y e r 
chromatography) was used to monitor the p u r i t y of the chemicals. 
The TLC solvent systems hexane and d i e t h y l ether (8:2) or hexane and 
benzene (1:1) best separated chemicals on F254 s i l i c a g e l TLC 
p l a t e s . The S e r i e s 2 compounds had the highest RfS, followed by the 
Series 1 compounds, and then the n i t r o e t h a n e s . The TLC p l a t e s were 
then sprayed w i t h a s o l u t i o n made from z i n c c h l o r i d e and 
diphenylamine (1:1), d i s s o l v e d i n acetone. A f t e r the p l a t e s were 
sprayed, they were placed i n a 125°C oven overnight. G e n e r a l l y , 
c a r b i n o l s turned green, nitroethanes turned pink, S e r i e s 1 and 
S e r i e s 2 compounds turned purple. Color and Rf on the p l a t e 
confirmed the i d e n t i t y of a product. 
Mass spectrometry was a l s o employed to confirm the s t r u c t u r e of 
one S e r i e s 1 and one Series 2 compound, u t i l i z i n g a Finnegan 4000 
d i r e c t exposure probe mass spectrometer. 
Bioassay 
T o x i c i t y of the compounds was examined i n four types of i n s e c t s : 
house f l y (Musca domestica), mosquito (Aedes a e g y p t i ) , corn rootworm 
b e e t l e s ( D i a b r o t i c a v i r g i f e r a v i r g i f e r a and D i a b r o t i c a 
undecimpunctata howardi) and the German cockroach ( B l a t t e l l a 
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germanica). T o p i c a l t o x i c i t i e s were determined f o r a d u l t female 
house f l i e s ( s u s c e p t i b l e Orlando Regular stock) and f i e l d - c o l l e c t e d 
a d u l t western corn rootworms (D. v. v i r g i f e r a ) . T o x i c i t y to f o u r t h 
i n s t a r Aedes aegypti ( L i v e r p o o l s t r a i n ) l a r v a e was a l s o 
i n v e s t i g a t e d . 
In examining t o p i c a l t o x i c i t y , known concentrations of the 
compounds were a p p l i e d i n one μΐ of acetone s o l u t i o n to the 
abdominal venters of anesthesized i n s e c t s using a syringe micro-
a p p l i c a t o r . Ten i n s e c t s r e c e i v e d each treatment, and treatments 
were r e p l i c a t e d three times. The standards f o r comparison were 
p y r e t h r i n s and methoxychlor f o r house f l i e s . C a r b a r y l and 
methoxychlor were used f o r rootworms, and c h l o r p y r i f o s was used 
against the cockroach. M o r t a l i t y was recorded at 24 h f o l l o w i n g 
exposure. Insects were considered dead when a t a c t i l e stimulus 
produced no s i g n i f i c a n t movement. LD50 values were computed using 
the Spearman-Karber procedure (Hamilton et a l . , 1977). 
T o x i c i t y to l a r v a l mosquitoes was examined by applying known 
concentrations of the compounds i n one ml of acetone s o l u t i o n to 
4-oz. g l a s s j a r s c o n t a i n i n g 100 ml of d i s t i l l e d water and 20 e a r l y 
f o u r t h - i n s t a r mosquito l a r v a e . Treatments were r e p l i c a t e d three 
times and c h l o r p y r i f o s was used as a standard f o r comparison. 
M o r t a l i t y was recorded at 24 h f o l l o w i n g i n i t i a l exposure to the 
compounds. Larvae were considered dead when tapping on the g l a s s 
containers f a i l e d to e l i c i t swimming movements. LC50 values were 
computed by the Spearman-Karber procedure. 
Results and D i s c u s s i o n 
The r e s u l t s of the i n s e c t bioassay t r i a l s are presented i n Tables I 
and I I . The data show that the monochloro d e r i v a t i v e s ( S e r i e s 1 -
Table I) are much more a c t i v e than the d i c h l o r o compounds (Se r i e s 2 
- Table I I ) . In both s e r i e s , the £,£*-dichlorophenyl analogs, made 
e a r l i e r by other i n v e s t i g a t o r s , l i s t e d above, were the poorest 
i n s e c t i c i d e s of the s e r i e s . Deployment of an ethoxy group on one 
r i n g r e s u l t e d i n i n s e c t t o x i c i t y increases of 10-20 f o l d . The best 
compounds were the CI-OC2H5, the CH3-OC2H5, the C2H5-OC2H5, and the 
C2H5O-OC2H5 analogs. The poorest i n s e c t i c i d e s , other than the C l - C l 
d e r i v a t i v e s , were the F-OC2H5 analogs. 
Comparison of the monochloro s e r i e s w i t h standard compounds 
i n d i c a t e that s e v e r a l of the new chemicals possess i n s e c t i c i d a l 
a c t i v i t y comparable or s u p e r i o r to some commercial products. 
T o x i c i t y to house f l y i s obviously q u i t e good. Moderate 
e f f i c a c y i s demonstrated against the corn rootworm b e e t l e s and 
mosquito l a r v a e . For an i n s e c t i c i d e of the prolan/DDT c l a s s , the 
potency demonstrated against the w i l d s t r a i n German cockroach i s 
q u i t e remarkable. P r e l i m i n a r y t e s t s on the l a r v a l stage corn 
rootworm revealed s o i l a c t i v i t y of a monochloro compound, u n l i k e 
most p r e v i o u s l y reported chemicals i n t h i s c l a s s . O v e r a l l , the 
spectrum of a c t i v i t y i s q u i t e broad, although other c a t e g o r i e s of 
i n s e c t pests must s t i l l be t e s t e d (e.g., l e p i d o p t e r a n l a r v a e ) . 
The p h y s i c a l p r o p e r t i e s of these compounds are somewhat 
d i f f e r e n t from p r o l a n , DDT, methoxychlor, perthane, and other 
r e l a t e d chemicals. Water s o l u b i l i t y and p o l a r i t y are considerably 
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Table I . T o x i c i t y of monochloronitroethanes to i n s e c t s by t o p i c a l 
a p p l i c a t i o n or i n water 
*<2>[<Q>* 
C l — C — N 0 2 
S e r i e s 1 | 
H 
24 h-LDsn (pg/insect) 24 h-LCsn (ppm) 
House Corn rootworm Mosquito 
No. X Y f l y b e e t l e Cockroach l a r v a 
l a F OC 2H 5 0.20 2.71 34 0.22 
lb C l OC 2H 5 0.08 0.58 6.3 0.04 
l c Br OC 2H 5 0.02 
Id CH 3 OC 2H 5 0.07 0.54 6.3 0.03 
le C 2H 5 OC 2H 5 0.08 0.25 1.5 0.01 
I f CH(CH 3) 2 OC 2H 5 0.07 0.29 2.5 0.03 
i g C ( C H 3 ) 2 OC 2H 5 0.54 0.46 
l h O C 3 H 3 OC 2H 5 0.05 0.18 2.0 0.03 
l i C l C l 1.8 2.55 
p y r e t h r i n s 0.69 0.89 
methoxychlor 0.50 0.35 >100 
c h l o r p y r i f o s 0.86 0.0026 
c a r b a r y l >10 0.02 >100 
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Table I I . T o x i c i t y of b i s ( s u b s t i t u t e d phenyl) d i c h l o r o n i t r o e t h a n e s 
to i n s e c t s by t o p i c a l a p p l i c a t i o n or i n water 
C l — C — N O 2 
Se r i e s 2 | 
CI 
24 h-LDsn (yg/insect) 24 h-LCsn (ppm) 
No. X Y 
House 
f l y 
Corn rootworm 
be e t l e Cockroach 
Mosquito 
l a r v a 
2a F OC 2H 5 10 100 >100 0.46 
2b C l O C 2 H 5 0.55 59 >100 0.38 
2c Br OC 2H 5 1.71 23 >100 0.19 
2d CH- OC 2H 5 0.63 5.4 >100 0.07 
2e C 2H 5 OC 2H 5 0.86 4.0 >100 0.06 
2f CH(CH 3) 2 OC 2H 5 1.13 4.3 >100 1.13 
2g OC 2H 5 OC 2H 5 0.50 4.3 >100 0.06 
2h CI CI 2.95 24 
p y r e t h r i n s 
methoxychlor 
c h l o r p y r i f o s 
c a r b a r y l 
0.69 
0.50 
10 
0.35 
0.02 
0.89 
100 
0.86 
100 
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higher, with lower lipophilicity apparent as well. These properties 
may approach a more effective optimum for rapid and thorough 
penetration through insect cuticle, combined with charge 
distribution and steric dimensions for excellent insecticidal 
potency at the site of action (sodium gate in the peripheral nervous 
system). 
Research remains to be done on the residual activity and 
mammalian toxicity of the chloronitroethane insecticides, but our 
initial studies on design, directed synthesis, and bioassay indicate 
there is clearly potential for those compounds in insect control. 
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